Objective: This study was undertaken to expand on results from a 2014 study on the association between physician age and performance on the American Board of Emergency Medicine (ABEM) ConCert examination.
T he ConCert examination, a standardized examination of emergency medicine, is used in this study as a proxy for physician cognitive performance. The ConCert examination is a summative examination validated for the purposes of assessing medical knowledge and complex cognitive skills such as clinical reasoning. ABEM-certified physicians are required to pass the ConCert examination once in every 10-year cycle to maintain certification.
Previous studies have demonstrated a decline in clinical performance and cognitive competency in aging physicians or as time-from-residency substantially increases. 1, 2 The aging physician is an important topic as it has been estimated that over one-quarter of all actively licensed physicians in the United States are older than 60 years. 3, 4 A 2014 study concluded that emergency physicians maintain performance on the ConCert examination over the course of their careers. 5 While this study showed relatively steady performance, it included only first attempts in each 10-year certification cycle, leaving out a substantial group of physicians who failed previous attempts to pass the ConCert examination, but take the examination again. In addition, the study revealed an interesting pattern to the performance, with a slight increase in scores during the second cycle, but a decrease in the third cycle. Several other variables could account for differences across time, such as time since formal education in residency. This study expands upon the previous study to further determine the nature of the relationship between age and the select cognitive skill assessed in part by the ConCert. The ConCert examination is a summative examination validated for the purposes of assessing medical knowledge and complex cognitive skills such as clinical reasoning, diagnostic assessment of patient conditions, and the synthesis of various presentations.
An age-associated decline in examination performance has been noted for some medical specialties, including family medicine, internal medicine, and ophthalmology.
6-8 Based on these results, continuing internal analysis suggested that the relationship between age and ConCert examination performance may be more complex than previously thought (American Board of Emergency Medicine, unpublished data, 2016).
The ConCert examination has been administered by ABEM for nearly three decades and was designed to objectively assess the cognitive skills and medical knowledge of emergency physicians. In contrast to ABEM's qualifying examination, which focuses more on medical knowledge, the ConCert contains a greater emphasis on cognitive skills related to clinical judgment. The ConCert examination contains 205 single-best-answer, multiple-choice questions, of which some are field test items and not scored. Of these 205 questions, approximately 60% are targeted to assess higher-order cognitive skills. As such the primary focus of the ConCert examination is an assessment of cognitive skills rather than factual recall. Correctly answering questions that require cognitive skills such as clinical synthesis and diagnostic processing is posited as an indication that a test taker is behaving at the higher levels of Bloom's taxonomy. Nearly two-thirds of scored items on the 2015 ConCert examination require that the physician determine a diagnosis from clinical data prior to answering the question (American Board of Emergency Medicine, unpublished data, 2015). Any age-related change in ConCert examination performance would provide information that could influence self-directed learning and skill maintenance. In addition, the privilege of professional self-regulation in medicine that is tacitly bestowed by the public requires some index of professional self-monitoring (American Board of Emergency Medicine, unpublished data, 2015).
Any age-related change in ConCert examination performance may portend a decline in medical knowledge and cognitive skills including clinical reasoning that could translate to a decrement in the quality of patient care and be an indicator for difficulty in clinical management. Adverse change in examination performance would provide information that could influence self-directed learning and skill maintenance to enhance patient care and safety. This form of professional self-regulation serves the public with the goal of ensuring the best possible care for patients. The objective of this study was to determine the nature of the association between physician age and performance on the ConCert examination.
METHODS

Study Design and Setting
This was a retrospective, longitudinal study comparing Accreditation Council for Graduate Medical Education (ACGME)-approved emergency medicine residencytrained physicians' performance on the ConCert examination and their age at the time of examination. The pathway to ABEM certification entails graduating from an ACGME-approved emergency medicine residency program, which is followed by passing an ABEM written qualifying certification examination and then passing an ABEM oral certification examination; the physician also needs to hold an ABEM-compliant medical license. An ABEM diplomate is defined as a physician who has successfully completed this certification process. Physician characteristics included as covariates in this study are sex, ethnicity, diplomate status at the time of the examination, and the number of years since the physician completed residency. The study was reviewed and determined to be exempt research by the Wright State University Institutional Review Board.
Selection of Participants
All ConCert examination attempts from 1990 to 2016 by test takers who were residency-trained were eligible for inclusion. The study was restricted to those who had initially gained ABEM certification through an ACGME-approved emergency medicine residency training pathway, since all new certifications require this pathway. Examination attempts included physicians who took the examination to maintain certification and physicians attempting to regain certification after their certification had lapsed. ABEM has never offered lifetime certification; diplomates may have their certification lapse if they do not meet ABEM's continuing certification requirements. Exam takers included physicians taking the examination for the first cycle of recertification (about 10 years after initial certification) to the fourth cycle (approximately 40 years after initial certification). Both additional attempts to pass after initially failing the examination and additional cycles resulted in multiple attempts for some physicians. Whether the physician was a diplomate at the time they took the examination was included to partially account for the difference in these two types of examination attempts. Physicians for whom ABEM did not have a date of birth or indicator of sex and ethnicity were excluded so that these variables might be used as potential moderating factors in the analysis.
Interventions
There were no interventions.
Methods and Measurements
Physicians took the ConCert examination on paper prior to 2004 and thereafter using a computer at secure testing centers throughout the United States (Pearson VUE, Bloomington, MN). After each administration, examination results were transferred to the secure test data server at ABEM headquarters (East Lansing, MI). For the study, examination data were matched with exam takers' ages at the time of each assessment and other demographic information and then deidentified before further analysis by investigators. Physician age was calculated as the year of the examination minus the physician's self-reported birth year. Time since residency was calculated as the year of the examination minus the physician's recorded year of residency graduation.
Outcomes
The ConCert examination is supported by substantial validity evidence applying both Messick's unified model of construct validity and Kane's validity model. 9, 10 Because multiple examination forms are used when the ConCert examination is administered, examination results are equated and reported as scaled scores with a range of 0 to 100. Equating is a psychometric method used to account for any form-to-form variability in the difficulty of the examination, whereas scaling, another psychometric method, is used to transform examination scores onto a common metric to make the reported score easier to understand. Originally, the ABEM recertification examination was not equated. Equating began in 2004, which coincided with the renaming of the examination as the ConCert examination. To facilitate this study, psychometricians performed a linking study between these two examination scales to allow for a better longitudinal comparison during all years of testing. Specifically, scores from the two examination scales were equated to account for any year-to-year variability in examination difficulty. For clarity, all ABEM recertification examinations from 1990 to the present are referred to as the ConCert examination in this study.
Data Analysis
Descriptive statistics and frequencies were calculated for demographic reporting. Multilevel growth models were constructed to examine the relationship between age at examination and performance while controlling for physician characteristics including the number of years since residency graduation, diplomate status at time of examination, sex, and ethnicity. Multilevel growth models were used in this study because they can account for differences within and between physicians. Moreover, multilevel growth models can account for physicians who took the ConCert examination multiple times and can accommodate missing and unbalanced data. That is, because physicians varied in how many times they took the ConCert examination (between one and five times) and because the time intervals between the examinations varied within and across physicians, the raw data are considered an incomplete and unbalanced design. For example, three examination attempts could span as short as a 2-year duration (multiple failed attempts) or a 20-year duration (consistent successful attempts).
A standard model-building approach was used whereby a series of multilevel growth models were estimated where examination attempts (Level 1) were conceptualized as being nested within the physicians (Level 2). 11 First, an unconditional model that did not contain any predictors was estimated. This first model partitioned the variability in examination scores due to
within-individual differences (i.e., how each physician's score changed over time) from the variability in scores due to interindividual differences (i.e., differences between physicians). From this initial model, the intraclass correlation coefficient (ICC), which reflects the proportion of variability in examination scores that is due to differences among physicians was calculated. Specifically, the ICC was calculated by dividing the between-physician variance (r 2 0 ) by the sum of the between-physician variance and within-physician variance (r 2 e ; see Model A in Data Supplement S1, available as supporting information in the online version of this paper, which is available at http://onlinelibra ry.wiley.com/doi/10.1111/acem.13420/full). Higher ICC values indicate the necessity of using a multilevel model to account for these differences. Next, a series of models were estimated in which predictors and random effects were sequentially added to the model. Visual examination of the data (ConCert examination scores plotted against physician age) prior to model construction revealed a negative curvilinear trend. More specifically, though, there was an overall negative trend, the scores appeared to slightly increase before decreasing again as physicians aged. To better define this relationship or "growth pattern," linear, quadratic, and cubic growth predictors representing physician age at time of the examination were added to the model. In addition, physician demographic variables including the number of years since graduating from residency, diplomate status at time of examination, sex, and ethnicity were included in the model as covariates. With a span of over 30 years, it is possible that the makeup of the population of diplomates, or the content of residency courses, could account for differences that might otherwise be attributed to age.
Two of the predictors, years since graduating from residency and diplomate status at time of examination, are time-varying covariates, which indicates the values change within physicians across time. All continuous predictors were grand-mean centered. Sex and ethnicity were dichotomously coded. A summary of all the estimated models from the model building process is provided in Data Supplement S1. Each level of analysis provides greater detail about the effect of age on performance and allows for the statistical description of a nonlinear age-performance curve.
The appropriateness and fit of each model was evaluated by examining the deviance, Akaike's Information Criteria, and Bayes Information Criteria (BIC). The predictors were retained if they were statistically significant (p < 0.01) and if a likelihood ratio test indicated the additional parameter significantly improved model fit. Given the large sample size, a conservative criterion of p < 0.01 was used to guard against Type I errors. Analyses were conducted using SAS 9.4 (SAS Institute, 2017).
RESULTS
The final study group included 12,786 physicians who made 15,533 examination attempts. Table 1 depicts the difference in ConCert scores for the total group of residency-trained physicians versus the sample used for analysis who had all study variables in the ABEM diplomate database. The two groups differed slightly in the number of ConCert attempts per physician and the variability of the scores, but had very similar average ConCert scores, lending credibility to the generalizability of the model results.
In the study sample, the distribution of physician age has a slight positive skew and appeared bimodal (see Figure 1 ). The mean (AESD) age of the exam takers across all examination administrations was 45.02 (AE5.18) years and the range was 35 to 72 years old. Men comprised 73.05% (n = 9,340) of the sample, 80.04% (n = 10,234) were white, 8.83% (n = 1,129) were Asian, 4.61% (n = 590) were black, 3.78% (n = 483) were Hispanic, 0.33% (n = 42) were American Indian or Alaska Native, and 2.34% (n = 299) self-identified as other. Across all examination attempts, on average 12.66 (AE3.62) years had passed for physicians since graduating from residency. Most physicians (96.31%) were diplomates at the time they took the examination; only 3.69% of the physicians were not diplomates at examination time.
The mean (AESD) ConCert examination score across all administrations was 85.39 (AE5.71) and ranged from 51.0 to 100.0. Across all examination attempts, age was negatively correlated to examination scores (r = -0.235, p < 0.0001; Table 2 ). A total of 82.32% (n = 12,786) of physicians took the ConCert examination a single time (Table 3) . Among first-time ConCert examination takers, younger age was associated with higher examination scores (r = -0.247, p < 0.0001). Descriptive statistics of age by number of attempts are given in Table 4 . First attempts occurred on average at age 43.44 (AE3.82) years, about 10 years after physicians typically gain initial certification. Second attempts occurred at age 52.26 (AE4.13) years on average, about 9 years following the first ConCert attempt. This pattern did not continue for third examination attempts and beyond, with third examination attempts occurring at age 53.81 (AE5.60) years, on average. The less than 10-year mean age difference between the second and third examination attempts could be due to physicians increasingly opting to take the ConCert examination earlier in the 10-year certification cycle due to a change in policy or individual preference. Overall, physicians' ConCert examination scores declined as the number of examination attempts increased ( Table 5) .
Results of the unconditional model indicated that the mean predicted examination score (Intercept) for examinees was 85.90. The ICC calculated was 0.57, which indicates that over half of the variability in ConCert examination scores is due to differences between physicians. This ICC value indicates the appropriateness of using multilevel growth models to examine the relationship between age and performance instead of a basic regression model, which would ignore the clustering of examination attempts within physicians. Tests of model fit for the models indicated the growth parameters' random slopes were not significant. These results indicate that physician scores decreased in a uniform direction, on average, across the study population. All study variables proved to have a significant relationship with ConCert scores across time. Thus, the final model was a random intercepts model that included the linear, quadratic, and cubic growth parameters as well as the following demographic covariates: time since residency (in years), diplomate status at examination time, sex (male = 1, female = 0), and ethnicity (white = 1, other = 0).
Results of the final model are presented in Table 5 (see Data Supplement S1 for details of all models). Although small in magnitude, all regression coefficients were statistically significant. The model estimates illustrate the change in ConCert scores holding all other parameters equal. To illustrate the model, the predicted mean ConCert score for a female nonwhite physician who was not a diplomate and 45.02 years old at the time of the examination, and graduated from residency 12.66 years ago, is 81.5. There was a significant amount of variability around the intercept (r 2 0 = 15.02, p < 0.01), indicating that physicians significantly differed from one another in examination performance when they were 45.02 years old, the mean age of test takers. This result was not surprising given the wide range of scores (51 to 100) physicians received. The linear, quadratic, and cubic growth parameters were small in magnitude, but statistically significant. The linear growth slope accounted for 6.2% of the within-physician variability, whereas the quadratic and cubic growth slopes both accounted for less than one-half of a percent of variance. The cubic growth slope (c 03 ) reflects the population mean constant rate of change over time in the quadratic growth slope (c 02 ), controlling for years since residency, diplomate status at examination time, sex, and ethnicity. Due to the negative linear slope and the positive quadratic slope and controlling for the effects of the covariates, the shape of the predicted trajectory can be described as a decelerating negative trend. In other words, after controlling for potential confounds, as physicians age, their predicted ConCert scores decrease more quickly over time. Of note, the negative cubic slope counteracts the positive quadratic term so that as physicians' ages increase over time, ConCert scores still decrease. As such, this pattern of a gradual decline, with some perturbations, can be seen in the predicted scores presented in Figure 2 . Although these terms are small in magnitude, the collective effect of age appears to be substantial in the scores reported in Table 2 .
Years since residency displayed a small positive relationship with ConCert scores, indicating that physicians were predicted to score 0.154 points higher, on average, for every year since residency (e.g., a cumulative effect), controlling for other physician characteristics. Physician's diplomate status at examination time and ethnicity exhibited the largest noncumulative relationships with predicted ConCert scores. Specifically, after age and other physician characteristics were controlled for, physicians who were diplomates at examination time had a higher predicted ConCert score, on average, than nondiplomates (c 05 = 1.25, p < 0.0001). Similarly, with the other characteristics controlled for, ConCert scores for white physicians were predicted to be 2.25 points higher, on average, than those of physicians who were not white (c 02 = 2.25, p < 0.0001).
DISCUSSION
We demonstrate in this study the association of physician age with examination performance for ABEM-certified physicians. The prior study examined growth trajectories of physicians' performances as it related to the physician's recertification cycle from 1989 to 2012. The current study looked at all examination attempts, rather than the first attempt within a certification cycle, and examined potential moderating variables.
The results of this study indicate that, while controlling for other variables (years since residency graduation, diplomate status, sex, and ethnicity) age is still a significant factor in predicting performance on the ConCert examination. In fact, adding the physician characteristics increased the magnitude of the linear and quadratic age coefficients (see Data Supplement S1). In addition, the negative findings for the linear and cubic age slopes across physicians indicates that, while an individual physician's performance may vary from the norm both positively and negatively, regardless of the relative ranking of the physician's first ConCert score, scores will decline with age. This effect, while negligible from 1 year to the next, can accumulate over time. In other words, the effect of age is cumulative. For example, holding other variables equal (white males, 10 years from residency graduation, who were diplomates at the time of testing), the predicted ConCert score will decrease 3.11 points over the 10 years from the first ConCert attempt (mean age of Other factors associated with higher scores on the ConCert examination include ethnicity and sex. As shown, these effects are statistically significant and indicate a performance gap between whites compared to other ethnicities and males compared to females. The effect of being white yields a ConCert score 2.248 points higher, on average, holding all other predictors constant. Similarly, the effect of being male is associated with a score 0.989 points higher on the examination, on average, holding all other predictors constant. These findings are consistent with long-standing results of analyses of other high-stakes examinations such as the SAT and GRE. [12] [13] [14] [15] It should also be noted that performance differences do not necessarily indicate bias, but may reflect inequities in the lifelong educational process or other characteristics. ABEM does, however, take its responsibility with regard to these issues very seriously and has procedures in place to continuously identify and eliminate content that may be biased against one group or another.
It is important to note the cumulative effect of age supersedes the influence of these factors. That is, over time, the influence of age as a determinant of predicted ConCert score becomes more important than time since residency, sex, or ethnicity. Specifically, the cumulative effect of age becomes a larger determinant of predicted outcome than sex in 3 years' time, when the effect of age is equal to -0.999 and sex is 0.989. With respect to race, the effect of age becomes larger as of 7 years' time when age is equal to -2.33 and being white is 2.24.
In contrast to age, experience appears to have the opposite effect, with a positive coefficient of 0.15 for years since residency, controlling for all other predictors. Adding an equivalent amount of time to the equation above for years since residency decreases the score loss over 20 years to 5.79 points (age 63.44, predicted score of 80.37). This does not, however, supersede the overall general decline indicated by the age coefficients in the model.
Diplomate status at the time of an examination was found to have an associated increase in score of 1.25 points, controlling for all other predictors. Again, putting this into context, those physicians who have lost their certification for any reason and are nondiplomates at the time of the examination would be expected to perform less well on the ConCert than those physicians who are diplomates. In addition, while statistically significant, the cumulative effect of age is of greater importance at 4 years' time.
Previous literature has demonstrated significant limitations in self-assessment of performance by physicians. [16] [17] [18] [19] [20] [21] Unfortunately, the inability to recognize one's own limitations can lead to an overestimation of one's skills. 22, 23 The ConCert examination is one potential mechanism through which age-affected cognitive performance can be objectively and independently assessed. 24 Emergency medicine is a unique specialty and several important differences may result from differences compared to other specialties. As of 2017, there are over 35,000 ABEM-certified emergency physicians. The mean (AESD) age of ABEM certified physicians is 48.5 (AE11.0) years (diplomate ages, American Board of Emergency Medicine, unpublished data, 2017). This is younger than the mean age of licensed physicians in the United States of 52 years, which has gradually increased from age 50 years in 2010. 3, 25 The mean age of practicing surgeons is 50 years. Orthopedics, ophthalmology, and plastic surgery also have median ages of 50 years old or older, with 34% to 37% of surgeons in those groups over age 55 years. 26 In addition, the practice of emergency medicine requires daily application of specific knowledge, skills, and abilities. This is consistent with previous studies that have demonstrated the value of practice and experience on the preservation of cognitive function. 27 While there is controversy around modifiable risk factors, it is likely that cognitive impairment in physicians has a basal rate that is influenced by a variety of factors. A systematic review in 2002 of studies on cognitive function in physicians examined data from 1975 to 2001. The authors conclude that age is associated with a decreased working memory, slower speed of mental operations, increased bias from previous experience, and an increased tendency to be influenced by the order of information arrival. 28 These factors may contribute to impaired cognitive ability among aging physicians. Moreover, the loss of these time-sensitive skills is of greater significance in the routine practice of emergency medicine. The specific cognitive skills assessed by the ConCert are different than those previously identified as those which decline with age. Additional study using other metrics of clinical judgment, diagnostic reasoning, or clinical synthesis may be required to support these findings.
Solutions to challenges of the aging process should be multifactorial. Authors have suggested interventions such as increased formal assessments, peer evaluations, case logs, and workplace adaptations as potential interventions to address the expected aging process among physicians. [29] [30] [31] Although this study identified a modest decline in ConCert examination performance, the exact generalizability of this finding is uncertain. Other important skills may offset this modest decline, including clinical experience, judgment, and interpersonal skills.
LIMITATIONS
The ConCert examination measures only some of the knowledge, skills, and abilities that are required for optimal clinical practice. Examination performance may not necessarily correlate with overall clinical competence. It is possible that clinical experience and judgment in older physicians may help compensate for decline in cognitive skills and current medical knowledge.
Due to the nature of the study design and analyses, statements about an individual physician's performance cannot be made. Physicians who begin their careers with marginal performance may reach an unacceptable level of knowledge relatively early, while an individual physician may maintain a high level of knowledge at a relatively late age.
The authors believe that there was some self-selection, particularly for later-career physicians. The degree to which that bias affected the final results is uncertain. The characteristics of physicians who do not take the examination for a third or fourth cycle are unknown, but potentially might include physicians who do not feel they could pass the examination or do not wish to study for the test, change careers, or no longer seek board certification. Confidence about examination performance at age extremes is limited due to the paucity of data for older physicians.
Because the cognitive skills that are assessed, such as diagnostic processing, are linked to medical knowledge, there is no way to determine the degree to which age-related decline is a function of decreasing medical knowledge or a more global degradation of cognitive skills.
The issues of aging and time elapsed since residency training are integrally related. Thus, a decline in performance may in part also be related to time since training. An alternate explanation might be variation in effort at different career stages.
Finally, the age-related estimates are based on an examination that requires physicians to maintain knowledge over time to continue passing the examination. The effects of age may be different for physicians not attempting to maintain certification.
FUTURE DIRECTIONS
This study demonstrated a modest decline in performance on the ConCert examination related to age. Future studies are indicated to better define the relationship of aging to cognitive and clinical skills in practice. Evidence-based best practices to address decline in cognition should be developed.
CONCLUSIONS
There is an association between advancing age and declining performance on the ConCert examination, which assesses physician cognitive skill and medical knowledge. This information can be used by physicians to make decisions about professional development and knowledge gaps.
